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Abstract 
 
A reliable power is paramount and loss of power to communication equipment can mean loss of service to customers and loss of millions 
of dollars to companies. When the grid power is unavailable in remote areas there are variety of back-up electrical power systems like 
valve-regulated lead acid (VRLA) battery systems, engine-generator sets, ultra capacitors, flywheels, and new battery technologies that 
strive to provide back-up power. Hydrogen Energy and fuel cell technology compete with traditional technologies meeting back-up power 
requirements in stationary applications. Recent collaboration between Victoria University, Sustainable Energy Fuel Cells Australia 
(SEFCA) and Acta Energy has resulted in thorough laboratory testing for H2 generation and data compilation of fuel cells in a back-up 
power operation in Power Systems Research Laboratory at Victoria University. The authors of this paper suggests that the use of EL100 
H2 generator and T-1000 1.2kW PEMFC Power Generation System is capable to compete with traditional technologies to offer back-up 
power when there is no base load or PV or wind power. This paper presents the planning of laboratory testing, analysis and evaluation of 
the laboratory results. This paper also highlights the benefits of PEMFC system, EL100 H2 -1000 PEMFC 
system. Currently it is expensive to run distance trucks requiring several site visits per year in order to refill the diesel or even carrying H2 
bottles to a rural site. This system generates H2 on-site and can be implemented as a back-up power in telecommunication system like the 
Australian National Broadband Network (NBN) where there will be need for reliable back-up power supply since NBN will be rolling out 
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Nomenclature 
 
NBN National Broadband Network  
MEA  Membrane Electrolyte Assembly 
PEMFC Proton Exchange Membrane Fuel cell 
VRLA Valve Regulated Lead Acid Battery 
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1. Introduction 
The National Broadband Network (NBN) initiated by Australian Federal Government ($43 billion) will provide reliable, 
ubiquitous, high-speed broadband to all Australian premises. On-line participation by Australian households, businesses and 
non-profit organisations; health; education; teleworking; regional Australia; government services and smart technology are 
the eight Digital Economy Goals of NBN. About 93% of Australian homes, schools and businesses will be offered NBN 
facilities. Next-generation wireless and satellite technologies will be provided for remaining 7% of the premises [1-2].  
To ensure the operability of cell towers, to maintain constant power supply and to prevent power outages 
telecommunication providers rely on back-up power. Usually electrical power from public electrical grid line provides AC 
voltage and telecommunications equipment needs DC voltage, rectifier is used for power conversion in telecom sites. The 
electrical grid is subject to disruption by natural and man-made causes  adequate and effective back-up power is essential. 
The required back-up power for telecommunications by regulation is 8 hours. Lengthy back-up power capability is required 
between 24 to 72 hours to cater for unexpected long-duration outages and many telecom operators oversize their Valve 
Regulated Lead Acid (VRLA) battery banks as much as 300% (up to 24 hours back-up time). Most of the telecom sites rely 
on VRLA battery banks for back-up power or, in some higher power situations diesel generators with a small battery bridge. 
The VRLA battery banks are costly to maintain, bulky, heavy, need replacement every 3 years and prone to self-discharge. 
High management costs, environmental hazards, short life and inability to monitor the status of most batteries result in 
failure when called upon to power at telecom sites. For remote locations, diesel generator sets can be a major problem since 
they produce combustion emissions, require fuel storage, are noisy and maintenance cost are high. Ultra capacitors, 
flywheels and new battery technologies have been employed recently. Although each technology has some advantages the 
service providers are searching for alternatives because disadvantages of each technology are significant. To meet back-up 
power requirements in stationary applications fuel cell manufactures have responded by designing fuel cell systems to 
compete with traditional technologies [3-6].  
Section 2 of the paper highlights the fuel cell technology and its benefits. Section 3 of the paper describes the EL100 H2 
generator and its advantages. T-1000 Fuel Cell System and the advantages are discussed in Section 4. The planning of 
Laboratory Testing at Power Systems Research Laboratory, Victoria University are explained in Section 5 and Section 6 
describes the system installed in detail. Section 7 points out the analysis and evaluation of the laboratory results. Finally, 
Section 8 provides the conclusions as well as directions for future work.     
2. Fuel Cell Technology 
A fuel cell is a solid state DC power that converts chemical energy of H2 and O2 into electricity and the only by-products 
are heat and H2O. Both the benefits of traditional technologies: very quick start-up (battery based UPS) and long run time 
(diesel genset) are achieved by fuel cells. Regardless of weather, time of day and location fuel cells can deliver power as 
long as the fuel (in this case H2) and air are supplied. There are several types of fuel cells, classified according to kind of 
electrolyte they use, temperature range, catalyst used, fuel required and the chemical reaction that takes place. The direct 
current (DC) bus voltage is continuously sensed by the fuel cell system, it takes over critical loads if the DC bus falls below 
a customer determined set point [7-10]. The most appropriate and commercially available fuel cell today for use with 
wireless telecommunications site is the PEM (Proton Exchange Membrane) fuel cell as shown in Fig. 1. Due to its low 
operating temperature, silent operation, quick start-up characteristics and better performance PEM fuel cell is attractive for 
residential use and automotive industry. In PEM fuel cell electrolyte is in the centre, anode and cathode are located in both 
sides of the membrane which is referred as Membrane Electrolyte Assembly (MEA) and Nafion is generally used for MEA. 
A micro-porous layer (MPL) is included to provide a transition between the electrode and the backing layer to assist H2O 
transport. H2 dissociates into protons (H+) and electrons (e-) at the anode. To produce electricity for a given load electrons 
ar o
through the electrolyte to the cathode. At the cathode side protons, electrons and O2 combine to form H2O and heat as by-
product.H2 is oxidised and O2 is reduced to H2O as shown in the equations (1) and (2) [7-10].  
 
2H2             4H+ +4e-                (1) 
 
O2 + 4H+ +4e-          2H2O     (2) 
 
No pollutant emissions, less noise emissions, reduced maintenance; high electrical efficiency and low operating 
temperature are some of the benefits of PEM Fuel cell [7-10]. 
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Fig. 1 Schematic working principle of a fuel cell [2] 
3. EL100 H2 Generator  
The EL100 H2 generator as shown in Fig. 2 is a device for generation of H2 by means of electrolysis and can be stored in 
both metal hydride absorption tanks and compressed gas tanks. It serves to generate low-cost fuel and can be used with 
2. This technology is ideal for remote area power supply and can be used for NBN. The 
front part of the EL100 generator contains control unit of the H2 producing system like On/Off main switch, button to start 
H2 production and red light warning of malfunctioning of EL100 unit. The rear part consists of H2 relief valve, power lead 
and quick fit socket that connect to the device requiring H2. The depletion of H2 is indicated by orange light, overheating of 
the device is indicated by orange blink lighting and green light indicating the tank is full [11].  
The specifications of EL100 H2 generator is shown in Table 1 and advantages of this unit includes  
 No more noisy polluting engines and 
 Self-contained energy supplies with clean and silent technologies using H2O and electricity [11].      
Table 1. Specifications of EL100 H2 Generator [11]      
 
 
 
 
 
 
 
 
 
 
       Fig. 2 EL100 H2 generator [11] 
 
4. ReliOn T-1000 PEM fuel cell system 
  T-1000 fuel cell system is hot-swappable as shown in Fig. 3 
cartridge technology as shown in Fig. 4 based on proton exchange membrane (PEM) technology. This modular approach 
provides clean, quiet, reliable power for back-up power applications and ease of service. Electronic cards and fuel cell 
cartridges can be added, removed or replaced while the system is in service and delivering power. This facility allows the 
system configuring from 600W to 1200W at any time. T-1000 fuel cell system is self-hydrating (eliminating the need for a 
separate source of water) and air-cooled (eliminating the need for liquid pumps and heat exchangers) [12].   
T-1000 fuel cell system remains in standby mode until called into service using 
 Low Voltage,  
 Contact Start,  
Product Specifications EL100    
Flow rate for Hydrogen produced 
(max) 
Operating pressure 
Purity of Hydrogen 
Internal accumulation of Hydrogen 
Power Supply 
Power Consumption 
Quality of Electrolyte 
Tank Volume 
Quality of Demineralized Water 
          Max conductivity at 250C 
          pH 
Water consumption (max) 
83.6 slph 
15 bar 
99.52% @ 15 bar 
 none 
220/50 
440 W 
K2CO3 solution  
1% in weight 
4.5 L 
 
5-10μS/cm 
6 - 7 
0.068 L/h 
 
Size 3460*260*500mm    
Weight 27 Kg   
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 Remote (User Interface) and 
 Manual (Front panel button) [12].   
Low Voltage and Contact Start methods are designed to operate automatically. Using the Run Screen of the User 
Interface the unit can be started remotely selecting the start function. By pressing the On/Standby button on the controller 
card the unit can be manually started from the front panel [12].   
y reduces single point of failure and simplifies maintenance. Each cartridge is able 
to supply a nominal power of up to 200W. When fully configured T-1000 fuel cell system will provide up to 1200W and 
can also partially be configured to smaller loads. In the event that cartridge should fail during operation, the system will take 
cartridge off-line and the replacement can be performed in few seconds [12].  
T-1000 fuel system will operate at reduced power with the remaining cartridge till the cartridge is replaced. The 
specifications of T-1000 fuel cell system are shown in Table 2 [12].    
4.1 Advantages of T-1000 fuel cell system  
Several strong features of T-1000 1.2kW PEM fuel cell system in comparison with other commercial fuel cell systems 
include 
 Modular System, 
 High redundancy and 
 Focussed systems [12].   
Table 2. Specifications of T-1000 fuel cell system [12] 
Product specifications T-1000 fuel cell system   
Physical Dimensions (w x d x h) 35.6cm x 54.6cm x 66cm 
 
 
Performance  
Weight 
Mounting  
Rated net power 
Rated current 
DC voltage 
98 to 164 lbs / 44 to 74 kg 
 
0 to 1,200 Watts  
0 to 25A 48VDC 
24 or 48 VDC nominal 
Fuel 
 
 
 
 
 
 
Operation  
 
Emission 
Composition 
 
Supply pressure to unit  
 
Consumption 
Ambient temperature  
Relative humidity 
Altitude  
Location 
Water 
Noise 
Standard industrial grade 
hydrogen (99.95%) 
3.5 to 6 psig / 24 to 41 
KPag 
16.9 slpm @ 1200 Watts 
35oF to 115oF / 2oC to 46oC 
0-95% non-condensing  
-197 ft to 13,800 ft / -60m 
to 4206m 
Indoors  
Max. 30mL / kWh  
53 dBA @ 3.28 ft / 1 meter  
  
 
 
 
  
 
 
 
 
 
                                
Fig. 3 T-1000 PEM fuel cell [12]                    Fig. 4 T-1000 fuel cell cartridges [12] 
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5.  Planning of Laboratory Testing at Power Systems Research Laboratory, Victoria University 
The goal of the project, which involved strong collaboration between Victoria University, SEFCA and Acta Energy, was 
the testing of EL100 H2 Generator and T-1000 PEM fuel cell and its integration into telecommunications site for back-up 
power solution that can be used in telecommunication application like NBN. The initial point of the testing was the need to 
demonstrate a very high reliability as compared to the traditional systems (battery banks and diesel-generator sets). The 
described evaluation was performed on the units integrated at Power Systems Research Laboratory at Victoria University. 
All aspects of EL100 generator and T-1000 PEM Fuel Cell were studied and evaluated including H2 delivery procedure, 
maintenance, starting logic and gas line planning to determine the complete back-up power solution [5].  
After the installation of the system at Power Systems Research Laboratory, system commissioning included several 
checks of the alarm system and for leaks in the gas line planning (from EL100 H2 generator to storage tank and T-1000 
PEM fuel cell), the calibration of the control units and the transmission of the data generated from EL100 H2 generator and 
T-1000 PEM Fuel Cell System. 
5.1 Phase I 
The purpose of Phase I was to verify the behavior of EL100 H2 Generator. In this phase EL100 H2 generator was started 
to fill the H2 storage tank of capacity 150 litres at 215 PSI. The main focus of the Phase I was to monitor, How long it will 
take to produce enough H2 to run 1.2kW T-1000 PEM fuel cell for 1, 4 and 8 hours  
5.2 Phase II 
The purpose of Phase II was to verify the behavior of T-1000 PEM fuel cell system [5]. In this phase the fuel cell was 
started for every 30 minutes and stopped for 15 minutes at regular time interval until 100 PSI of H2 was consumed from the 
H2 storage tank of 150 liters at 215 PSI.  
5.3 Phase III 
The aim of Phase III was testing the long run capabilities of the back-up power systems when both H2 generator and T-
1000 fuel system are working together simultaneously [5]. The main focus of this Phase I Can a system 
be setup to produce H2  
6. Description of the System Installed 
The fuel cell system is connected in parallel with the batteries in telecommunications site to be a back-up power solution 
as shown in Fig. 5. In case of low back-up battery voltage and loss of electrical grid power H2 generator and fuel cell are 
configured for start-up [12]. The experimental setup at Power Research Systems Laboratory at Victoria University as shown 
in Fig. 6 consists of EL100 H2 generator, 150 litres of H2 storage tank at 215 PSI, T-1000 1.2 kW PEMFC, battery bank of 
48V, resistor load which provides a variable load to T-1000 is used to test its dynamic performance, circuit breakers, 
voltmeters and ammeters. H2 is generated by EL100 H2 generator and is stored in 150 litres of H2 storage tank at 215 PSI. 
The H2 storage tank is connected to a safety valve in order to avoid accidental gas depletion. Two pressure regulators at 50 
PSI and 5 PSI are installed in front of each safety valve in order to reduce the final pressure valve (ranging from 3.5 PSI to 6 
PSI) [12]. 
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Fig. 5 Typical Site Back-up Power System  Fuel Cell [12]          Fig. 6 Power Systems Research Laboratory, Victoria University 
               
 H2 is generated by EL100 H2 generator and is stored in 150 litres of H2 storage tank at 215 PSI. The H2 storage tank is 
connected to a safety valve in order to avoid accidental gas depletion. Two pressure regulators at 50 PSI and 5 PSI are 
installed in front of each safety valve in order to reduce the final pressure valve (ranging from 3.5 PSI to 6 PSI) [12].  
Until the output voltage decreases to 44V±0.5V due to overload or the depletion of H2, the 48V fuel cell will continue 
operation. During operation, if T-1000 PEM fuel cell system detects that the bus output voltage is below the low voltage 
start parameter (50V at 48VDC) fuel cell will start and provide power to the load and the system will achieve float voltage 
(52.5V at 48VDC) [12].  
  For DC back-up power systems 20Ahr per kW for a 48V is required for fuel cell start-up. The battery capacity should 
be increased to accommodate operation at ambient temperature above 400C as shown in equation 3 [12]. 
 
(Ahr) i = 32/V× (Load) × (Runtime) × (Temp - 400C)       (3) 
 
where, (Ahr) i = Battery capacity increment for high ambient temperature, Amp-hr. 
V = Nominal voltage (48). 
Load = Nominal equipment load, kW. 
Run Time = Anticipated Fuel Cell Run Time, Hours. 
Temp = Ambient Operating Temperature, 0C. 
 
If the ambient temperature operation is below 400 C, then the above equation will not apply. T-1000 fuel cell system 
requires a minimum of 3 to a maximum of 6 cartridges. To determine the number of cartridges, the load is multiplied by 1.2 
and the result is divided by 200 (Watts per cartridge) and rounded up to get the number of cartridges for the required load 
[12]. 
A computer with a serial port and a serial cable is connected to the T-
min
 [12]. 
7. Analysis and evaluation of the laboratory results 
The most important result of laboratory testing of Phase I and Phase II was the verification of reliability: when start-up 
required by EL100 H2 generator and T-1000 PEM fuel cell. Both the units performed as designed when start-up was 
required throughout the laboratory testing resulting in 100% reliability.  
7.1 Phase I 
Experiments were conducted to fill the H2 storage tank of 150 litres capacity at 200 PSI and time consumed to fill the 
tank was 31.5 hours (1st day 16 hours to fill first 100 PSI and 2nd day 15.5 hours to fill remaining 100 PSI). Fig. 7 shows the 
H2 generation in PSI (X-axis) and time consumed in minutes for every 10 PSI (Y-axis) up to 200 PSI. 
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At 400W load and default voltage (50V low voltage and 52.5V float voltage) T-1000 1.2kW PEM fuel cell consumed 27 
PSI to run for 1 hour and 108 PSI to run for 4 hours. Experiments are continuing in the next Phase to derive more 
reliable results to calculate 2 to run 1.2kW T-1000 PEM fuel cell for 1, 4 
for load (500W) required for back-up power in telecommunications site.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 H2 generation in PSI (VS) Time consumed in minutes for first 100 PSI 
7.2 Phase II 
The results obtained from Phase II of laboratory testing were  
 H2 depletion signal from the H2 storage tank and  
 Electrical efficiency of T-1000 PEM fuel cell system. 
7.3 Phase III 
As mentioned earlier, the third phase was performed to verify the reliability of the systems in extended tests as shown in 
the spread sheet in Table 3. Another goal Can a system be setup to produce H2 at the 
same time it is using it for power achieved throughout the laboratory testing for 4.5 hours until 100 PSI 
(from H2 storage tank) and 23PSI (generated by H2 generator) was consumed as shown in Fig. 8. Therefore Phase III 
represents that on-site H2 can be produced in telecommunication sites for back-up power and also can be used in NBN. 
Since the required back-up power for telecommunications by regulation is 8 hours in the next phase experiments will be 
conducted until the 200PSI in the H2 storage tank is consumed by the T-1000 PEM fuel cell system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8 Generated power trend: 4.5 hours behaviour 
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Table 3. Experimental readings of T-1000 fuel cell system 
 
 
 
 
 
 
 
 
 
 
8. Conclusion and future work 
At the end of the current laboratory testing period, the most important result is the satisfactory behavior of EL100 H2 
generator and T-1000 PEM fuel cell and the excellent interface with the other devices like batteries, H2 storage tank, load 
and measuring units. 
The most important results obtained from laboratory test were  
 Reliability: Both units performed well when called upon with a tested reliability of 100%. 
 Time consumed to fill 150 litres of H2 storage tank at 200 PSI was calculated. 
 The system setup produced at the same time it consumed H2. A completely off-grid, stand-alone 
solution can be reliably deployed combining Solar and H2 .  
Industries claim a 99.95% of H2 purity and this need to be verified by experiment in the next Phase. Future work 
will mainly focus to run T-1000 PEM fuel cell system for long run capabilities (8 hours) to meet back-up power for 
telecommunications site and also can have satisfactory usage in NBN. 
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